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The primary process of photosynthesis is involved in the electron flow from 
water to NADP+ and subsequently linked to the synthesis of ATP. This light-
dependent electron flow generates an electrochemical proton gradient between 
thylakoid membranes. The electron transport is catalyzed by redox enzymes in the 
thylakoid membranes of chloroplasts. Electron transport can be affected by inhibitors 
and chemicals. It is believed that pesticides bind to the active site of the enzyme 
resulting in affecting electron transport. As electron transport is interrupted, the 
formation of proton gradient wi l l subsequently be affected. 
M this project, freshly isolated chloroplasts from spinach {Spinacia oleracea 
L ) were used to study effects of paraquat and carbamates on proton transport across 
the chloroplast membranes. A comparison of the effects was made among these 
pesticides. Moreover, their effects on the chloroplast membranes were investigated by 
SDS-PAGE and densitometry. Paraquat (PQ) was found to be an effective inhibitor 
and an efficient activator on proton transport at different PQ concentrations. It 
facilitated electron transfer coupled with proton transport at low concentration. The 
inhibitory effect of PQ at high concentration was observed due possibly to the 
formation of reactive oxygen species (ROS) which caused disruption of cell 
membranes. Carbamates also showed inhibition on proton transport but the degree of 
inhibition was different with different carbamates. The inhibitory effect of 
pyrrolidinedithiocarbamate (PC) was the most significant whereas the effect of ethyl 
carbamate (EC) was the least noticeable. That means PC is the most potent pesticide 
among the pesticides studied. Light-induced pH changes in chloroplasts became 
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irregular at high PC concentration, but the results obtained from SDS-PAGE and 
densitometry could not provide useful information on the binding of the pesticides on 
the chloroplast membranes. 
On the other hand, the kinetic measurement of proton transport indicated that 
all pesticides tested showed the first-order of kinetics of proton transport at low 
concentration, but significantly changed at high concentration. The results suggested 
that the tertiary conformation of the membrane was affected at a high pesticide 
concentration. Besides, all pesticides increased the rate constant of proton uptake ( ¾ ) 
over the range of concentration studied except with pyridinol carbamate (PYC). Also, 
the rate constant of proton leakage ( ¾ ) varied to different extents with different 
pesticides. The initial rate of proton transport (Ro) decreased with all the pesticides 
tested except with PQ and EC. Kt , Ko and Ro could be used to reflect on the status of 
the proton channel. The synergistic effects of PQ and carbamates together were 
greater than when it was used alone in the assay except with diethyldithiocarbamic 
acid (DEDC). Generally, the pesticides are believed to affect the conformation of the 
proton channel and the resulting oxygen radicals damage the membrane structure. 
Different pesticides interact with the chloroplast thylakoid membranes and affect 
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Section 1 Introduction 
Introduction 
1.1 Photosynthesis 
Photosynthesis literally means building up or assembly by light (Hall and Rao, 
1994) and is the process which uses light energy to make complex molecules from 
small molecules (Weaire, 1994). The sun is the ultimate source of all metabolic 
energy, and photosynthesis is essential for maintaining all forms of l i fe on earth. 
The major chemical pathway in photosynthesis is the conversion of carbon 
dioxide and water to carbohydrates and oxygen (Mathews and Holde, 1996). The 
reaction can be represented by the following equation: 
CO2 + H2O + sunlight — O2 + organic matter + chemical energy 
Thus, photosynthesis can be regarded as a process of converting radiant energy of the 
sun into chemical energy of plant tissues. 
For photosynthesis to take place, the pigments present in photosynthesizers 
should absorb the energy ofa photon at a characteristic wavelength. Then, this energy 
is utilized to initiate a chain of photochemical and chemical events (Campbell, 1995). 
The photon should possess a critical energy to excite a single electron from the 
pigment molecule and initiate photosynthesis. 
Photosynthesis is a two-step mechanism involving a photochemical or ‘light， 
reaction and a non-photochemical or ‘dark, reaction. The dark reaction, which is 
enzymatic, is slower than the light reaction. Hence, the rate of photosynthesis is 
entirely dependent upon the rate of the dark reaction at high light intensity. The light 
reaction has a low or zero temperature coefficient, while the dark reaction has a high 
1 
Introduction 
temperature coefficient, characteristic of enzymatic reactions. It should be clearly 
understood that the so-called dark reaction can proceed both under illumination and in 
the dark in multiple steps. The light reaction controls the formation of ATP and 
NADPH2 in grana while the dark reaction is responsible for the enzymatic carbon 
reduction in stroma. Besides, cyclic photophosphorylation produces only ATP, and its 
role is proposed to provide additional ATP for CO2 fixation in chloroplasts. 
Photosynthesis involves the operation of two photosystems in series in photosynthetic 
electron transport and phosphorylation. 
2 
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1.2 Site of Photosynthesis 
Chloroplast is the subcellular site of photosynthesis in plants. Electron 
microscopy shows that chloroplast has a complex structure of three membranes. The 
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Figure 1. A cross-section of chloroplast (Lehninger et al, 1993). 
The two outer membranes are colorless and do not participate in the reactions of 
photosynthesis. The third membrane, the so-called thylakoid membrane, is extensively 
folded and encloses a separate internal region, the thylakoid lumen, within the 
chloroplast. The thylakoid membrane is folded into a series of closely packed vesicles 
called grana. The homogeneous matrix enclosed by the chloroplast membranes is 
termed stroma. The space between the thylakoid double membranes is termed lumen. 
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The stromal compartment is completely external to and separate from the thylakoid 
lumen (Garrett and Grisham, 1995). 
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Figure 2. Proton and electron circuits in chloroplast thylakoids (Lehninger et al, 1993). 
The thylakoid membranes contain the green pigment chlorophyll. With certain integral 
membrane proteins, they associate with the initial conversion of light energy into 
chemical energy. These complexes of proteins and chlorophyll are known as the 
photosystems which are embedded in or associated with the lipid bilayer. The 
organization of them is different in the stacked grana membrane regions from that in the 
unstacked stroma membranes. This explained the predominance of the photosystem I I 
(PSII) oxygen-evolving reaction complexes in grana and the photosystem I (PSI) 
particles in the stroma lamellae (Hall and Rao, 1994). The photosystems together with 
4 
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photosystems together with the other components of the chloroplast electron transport 
system catalyze a series of reactions known as the light reactions of photosynthesis 
which lead to the formation of adenosine triphosphate (ATP) by ATPase and the 
reduction of nicotinamide adenine dinucleotide phosphate (NADP+) to form NADPH. 
Figure 2 shows the proton and electron circuits in chloroplast thylakoids (Lehninger et 
al, 1993). By utilizing NADPH and ATP, organic molecules are formed from carbon 
dioxide in stroma. It is known as the dark reactions of photosynthesis. 
5 
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1.3 The Structure of ATPase 
The ATP synthase, CFoCFi, from chloroplast catalyzes proton translocation 
coupled with ATP synthesis. ATP synthases (also known as H+-ATPase) found in the 
thylakoid membranes of chloroplast catalyze the synthesis of ATP from ADP and 
phosphate (Pi), and ATP hydrolysis coupled with a membrane proton transport. The 
enzyme has a hydrophilic moiety (CFi) and a membrane-integrated moiety (CFo). The 
CFi, which faces towards the stromal region, contains the nucleotide-binding sites. The 
CFo , which embeds in membrane, is involved in proton transport (Possmayer and 
Graber, 1994). It has been shown that chloroplast CFoCFi shows a tripartite structure: 
the hydrophilic CFi and the hydrophobic CFo moieties are connected by a thin stalk 
(Boekema et al, 1988). The hydrophobic CFo moieties tend to aggregate and form 
string-like structure. The CFo moiety and a small stalk projecting out of the CFo moiety 
are connected to the base of the spherical-shaped CFi moiety in an aqueous 
environment. The diagrammatic representation of ATPase structure is shown in Figure 
3 (Lehninger et al, 1993). Figure 4 shows an average image ofthe H+-ATPase in the 
side-view position, and that the mass distribution inside the CFi and CFo moieties are 
not homogeneous (Bottcher et al, 1995). 
By gel electrophoresis, ATP synthase was found to be a complex of nine 
different polypeptides (Hall and Rao, 1994; Prebble, 1981). Five of them have been 
identified as the a, P, y, 5 and s subunits of coupling factor CFi, with molecular weight 
59,000, 56,000, 37,000, 17,500 and 13,000 respectively (Prebble, 1981). Two other 
components are the homologes of bacterial subunits b (known as subunit I in 
chloroplasts) and c (chloroplast subunit III)，and a third component with molecular 
mass of 20 kDa is known as subunit X. The ninth component, subunit II，has a 
6 
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molecular mass o f l 5 kDa (Walker et al, 1990). The CFo is composed of four different 
polypeptides that were designated as subunits I, II, I I I and IV with molecular weight 
18,000, 15,000, 8,000 and 19,000 respectively (Hall and Rao, 1994). 
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Figure 3. The structure of ATPase (Lehninger et al, 1993) 
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Figure 4. This structure is the result of an image analysis of electron micrographs. A total of 
483 side view projections were used to obtain this average image, showing clearly the CFi 
moiety, the stalk and the membrane. In the membrane, the structure ofthe CFo moiety can be 
seen (Bottcher et al, 1995). 
The H^-ATPases have been well studied at a primary structural level. Also, 
investigation on the detailed structure of CFi and CFo are still active. Thus, the 
determination of its structure in relation to the coupling of proton transport to ATP 
synthesis provides useful information on the catalytic functions of the enzyme. 
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1.3.1 Functions of the Subunits of CFi 
The CFi can exist in both active and inactive conformations (Boyer, 1993). In 
this section, the ftmctions of CFj subunits wi l l be briefly described. 
1.3.1.1 The s-Subunit 
The s-subunit is not required for the ATPase activity of soluble CFi, but is 
necessary for its coupling factor activity (Martonosi, 1985). It was suggested that the 
s-subunit was an inhibitor of the ATPase activity of CFi. However, there was no 
experimental evidence to support this interpretation (Nelson et al, 1972). Other 
research brought light on the function of the s-subunit. It has at least two main 
functions : regulation of CFoCFi activation and gating of the proton flux through CFo 
(Cruz et al, 1995), Besides, it was also suggested that s is involved in responding to 
the transmembrane potential gradient (Richter and Gao, 1996), and its conformation 
alters during illumination ODigel et al, 1996). However, the role of s in 
photophosphorylation is still unknown. Therefore, the role of 8 in the regulation of 
ATPase activity requires further investigation. 
1.3.1.2 The 5-Subunit 
It was suggested that this subunit plays a central role in the binding of CFi to 
the thylakoid membranes (Younis et al, 1977), and is also required to block the proton 




The y-subunit is required for ATP synthesis, but its role in ATP hydrolysis by 
soluble CFi is unclear. This subunit may be involved in proton transport and in 
regulation ofenzyme activity fNfelson, 1982). It can block the proton channel through 
CFo unless the enzyme is catalyzing ATP synthesis or hydrolysis. In the active form of 
CFi, this subunit could assume a conformation similar to that induced by crosslinking 
which allows protons to flow through CFo and CFi itself (Sokolov and Elhanan, 1996). 
The conformation of y-subunit in CFi undergoes changes upon energization of 
thylakoid membranes. Thus, there may be link between these conformational 
transitions and the openings of the proton gate (Hightower and McCarty, 1996; 
McCarty and Fagan, 1973). Other reports suggested that the y-subunit interacted with 
the 8-subunit in regulating the activation and deactivation of ATPase between cycles 
ofil lumination and darkness (Cruz et al, 1995; Richter and Gao, 1996). Besides, by 
undergoing rotation within the (aP)3-subunits, it leads to the formation of 
protonmotive force which drives the release of ATP (Digel et al, 1996; Sabbert et al, 
1996). 
1.3.1.4 The g- and P-Subunits 
There were evidences supporting the idea that the P-subunit bore the catalytic 
sites of the enzyme (Abrahams et al, 1994; Martonosi, 1985). The chemically 
identical P-subunits have different reactivities with protein modifiers and with the 
small subunits (Haughton and Capaldi，1995). Besides, it was proposed that the a-
subunit contains a regulatory nucleotide-binding site (Arahams et al, 1994; Nelson et 
10 
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al, 1973)，and the a-subunits also display different reactivities (Turina et al, 1993). 
The structures ofthe three catalytic sites are always different but each passes through a 
cycle of ‘open’，‘loose, and ‘tight, states. That means the CFi is an inherently 
asymmetric assembly (Abrahams et al, 1993). Recent reports showed that the 
alternating a- and p-subunits surrounded a single y-subunit. During catalysis, the y-
subunit rotated with respect to the a/p heterohexamer and interacted with the catalytic 
sites on the p-subunits (Digel et al, 1996; Noj i et al, 1997; Richter and Gao, 1996). 
11 
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1.4 Photosynthetic Electron Transport, ApH and 
Phosphoitylation inside Chloroplasts 
Photophosphorylation is the process that generates ATP in photosynthesis. It 
involves the generation of a transmembrane proton gradient in membrane-bound 
enzyme complexes (Senior, 1988). According to the chemiosmotic theory, the light 
driven electron transport leads to the generation of a transmembrane electrochemical 
potential difference of protons, A|iH+, which is composed of electric potential 
difference, A ^ , and a transmembrane pH difference, ApH. This ApH+ gives rise to a 
proton flux across the membrane. Hence, the membrane-bound H^-ATPase can use 
the Gibbs free energy from this "downhill" proton flux to synthesize ATP (Possmayer 
and Graber, 1994). Primary processes of photosynthesis concem the electron flow 
from water to NADP+ and the phosphorylation of ADP and ATP which is coupled to 
electron flow (Berkowitz and Peters, 1993). NADPH and ATP are used to reduce 
carbon dioxide to the level o f carbohydrate. 
The electron flow is driven by two photoactive molecules chlorophyll-an and 
chlorophyll-ai, which operate in series within a chain of electron carriers. These 
carriers are imbedded in the membrane of the thylakoids (Rumerg and Siggel, 1969). 
The pathway of electron flow from water to NADP+ in photosynthesis is shown in 
Figure 5 (Stryer, 1988). The linear electron-transport chain in chloroplast thylakoids 
interacts with protons at four sites: oxidation of water, reduction of plastoquinone, 
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Figure 5. The pathway of electron flow from water to NADP+ in photosynthesis. 
Based on the pathway of electron transport, the reducing end ofPSI seems to 
be the part which is most easily accessible to exogenous electron acceptors because 。 ’ • 
this region is exposed on the outer surface of the membrane. The accessibility ofthe 
PSI1 reduction sites to highly poiar oxidants, such as ferricyanide, seems to be very 
limited unless the thylakoid membrane is disrupted (Izawa，1980). 
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Illumination causes transportation of protons across the thylakoid membranes 
and leads to a decrease of pH in the thylakoid space. As the inner membrane of the 
chloroplast envelope is impermeable to protons, light-dependent proton transport 
across the thylakoid membranes might increase the pH in the stromal space (Heldt et 
al, 1973). This inward proton translocation is accompanied by an efflux of permeant 
cations such as potassium ions, sodium ions (Wu and Berkowitz, 1991) and/or an 
influx of permeant anions such as chloride ions (Jajoo and Bharti，1993). These 
influxes and effluxes of other permeant ions occur in order to establish equilibrium 
with respect to the membrane potential. Besides, the pH difference (ApH) between 
inner thylakoid space (pHi) and medium pH (pHo) all play a role in controlling the rate 
of electron transport and should be considered in any study of the kinetics and 
energetic ofcoupled electron transport in chloroplasts (Bamberger et al, 1973). 
An earlier report on proton transport through chloroplast membranes showed 
that proton uptake by illuminated chloroplasts follows the first-order kinetics (Ho and 
Wang, 1981; Ho and Wang, 1981a; Ho and Wang, 1982). The equation is shown as 
follows: 




and the leakage of accumulated protons from chloroplasts in the dark is governed by 
the following equation: 
In(5/5ss) = -Ko t (2) 
where 6 and 6ss denote the nmoles of proton taken up from the medium per 
mg chlorophyll at time t and at the steady state, respectively; 
KL is the rate constant of proton uptake, and 
Ko is the rate constant of proton leakage. 
The initial rate ofproton pumping (Ro) is given by ^ 6ss (Fritsche and Junge, 
1996). The rates obtained after activation by light depend on the activation of CFi. 
The kinetic measurement of proton transport in chloroplasts can provide useful 




Pesticides are "any substances used for controlling, preventing, destroying, 
repelling, or mitigating any pest" (Ware, 1989). Pesticides can be classified based on 
their main functions. For example, Acaricide kills mites. Insecticide kills insects. 
Fungicide kills fungi. Herbicide kills weeds, Nematocide kills nematodes, etc. Many 
pesticides are known to inhibit photosynthesis reaction complexes by binding to the 
quinone-binding protein, D1 protein ^Lyle, 1985). The inhibition results in stopping 
electron flow through PSII (Draber, 1991). The D1 protein is rapidly degraded and 
synthesized during normal photosynthetic functions (Fuerst and Norman, 1991; Kyle 
etal, 1984). 
Three different kinds of pesticides were used in this project. They were 
paraquat dichloride (herbicide), methyl carbamate (insecticide), ethyl carbamate 
(insecticide), pyridinol carbamate (insecticide), diethyldithiocarbamic acid 





Paraquat (1,1 '-dimethyl-4,4'-bipyridylium dichloride) is a bipyridinium 
herbicide and used as a photosynthetic electron flow diverter (The Pesticide Manual, 
1991; Putnam, 1969). It has been widely used as a non-selective contact herbicide 
(Kirtikara and Talbot, 1996). Non-selective means to k i l l all vegetation while contact 
means to k i l l the plant parts to which the chemical is applied. 
The major target ofparaquat (PQ) is apparently the chloroplast. It is believed 
that PQ inhibited photosynthetic electron transport by accepting electrons from PSI 
(Mishra and Sabat, 1995; Neuhaus and Stitt, 1989). The action is effective in the 
presence of oxygen and light (Babbs et al, 1989). Upon illumination, the resulting 
paraquat radicals react rapidly with molecular oxygen forming superoxide radicals, 
and, subsequently, hydrogen peroxide and hydroxyl radicals (Babbs et al, 1989; 
Kirtikara and Talbot, 1996). The increase in reactive oxygen species (ROS) in the 
chain reactions are terminated through the action of superoxide dismutase (Babbs et 
al, 1989; Chauhau et al, 1992)，which dismutates the superoxide to hydrogen peroxide 
(H2O2). The H2O2 in tum is removed through the activity of the Asada-Halliwell 
scavenging cycle, which involves the oxidation and re-reduction of ascorbate and 
glutathione through the action of ascorbate peroxidase and glutathione reductase, 
among other enzymes. The cycle is found in the chloroplast and the cytosol (Donahue 
et al, 1997). The above events are summarized in Figure 7. 
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Figure 6. The chemical structures of (a) Paraquat, (b) Methyl Carbamate, (c) Ethyl 




Paraquat induced_oxidative Stress 
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Figure 7. Paraquat induced-oxidative stress and normal detoxification of 
superoxide in chloroplast 
Paraquat was believed to cause a decline in photosynthetic electron transport, 
disruption of thylakoid structure, oxidative breakdown of chlorophyll (Kirtikara and 
Talbot, 1996), l ipid peroxidation (Chauhan et al, 1992), and inactivation of sucrose-
phosphate synthase fNeuhaus and Stitt, 1989). It was reported that it caused oxidative 
damage to pulmonary tissue and led to a modification of the restriction site o fDNA in 




Carbamates are derivatives ofcarbamic acid, HOCONH2 (Ware, 1989). The 
general formula ofcarbamate insecticides is ROCONH2 and may have a wide variety of 
R-groups. The mode ofaction of the carbamate insecticides is through the vital enzyme 
cholinesterase (Mineau, 1991). The general formula of dithiocarbamate fiangicides is 
RSCSNR" (U.S. Department of the Interior, 1993). The dithiocarbamates probably 
form the isothiocyanate radical (-N=C=S ), which inactivates the -SH groups of amino 
acids that are located within the individual pathogen cells. It is difficult to establish 
exactly how they act since they are unstable. However, it is believed that their activity is 
due to chemical inactivation of important systems in the fungal cell containing -SH or 
-SR (Ware, 1989). Carbamates are known to inhibit photosynthetic electron transport 
by binding to a set of overlapping sites on the PSII reaction centre (Gulotty et al, 
1985). The PSII complex is an integral membrane pigment protein complex which is 
located in the thylakoid membrane. The mode of action of carbamates is also believed 
to inhibit photosynthesis reaction complex by binding to the quinone-binding protein, 
the D1 protein. Carbamates-treated chloroplast thylakoids result in stopping electron 
flow through PSII (Kyle, 1985). However, there is little information available on the 
inhibitory mechanism ofthe carbamates. 
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1.6 Objectives of the Study 
(i) To study the effect of pesticides on proton flux through CFoCFi complex in 
chloroplasts; 
(ii) To understand the mechanism of inhibition. 
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Section 2 Materials & Methods 
Introduction 
2.1 Appamtus 
i) Preparation of chloroplast thylakoids 
1) Moulinex Turbo Blender 
2) Hitachi Himac CR21 High Speed Refrigerated Centrifuge 
3) Beckman 23 rotor 
i i ) The Experimental Setup 
1) Toptronic Milano-Italy X 74081 pH meter 
2) Hewlett Packard HP 3395 Integrator 
3) Velp Scientifica Micro Stirrer 
4) Hanna Hi 1330B glass micro-pH Electrode 
5) Kodak Ektalite 1000 Slide Projector 
、 6) Water-jacketed Vessel (Volume = 6 ml) 
7) Hamilton 50 ^il Syringe 
8) Black box (made of paper with dimension : 45 cm x 45 cm x 50 cm) 
i i i) Beckman DU 650 Spectrophotometer 
iv) Sigma Spectrophotometer Cuvet (Quartz) 
V ) Thermolyne Maxi Mix II37600 Mixer 
vi) SDS Polyacrylamide Gel Electrophoresis (Bio-Rad，Protean I I x i Cell) Unit 
1) Buffer Chamber with Lid and Electrical Leads in place 
2) Cooling Core 
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3) Casting Stands 
4) Glass Plates 
5) Alignment Slot 
6) Sandwich Clamps 
7) Alignment Card 




Monobasic sodium phosphate, dibasic sodium phosphate, urea，Tricine, 
sucrose, Tris base, ethyl carbamate, paraquat dichloride, methyl carbamate, 2-
mercaptoethanol, diethyldithiocarbamic acid, pyridinol carbamate, 
pyrrolidinedithiocarbamate, and protein markers (Lysozyme, Egg white; P-
Lactoglobulin, Bovine Mi lk ; Trypsinogen, Bovine Pancreas, PMSF Treated; Albumin, 
Egg, Ovalbumin; Albumin, and Bovine Plasma) were obtained from Sigma Chemicals 
(Mo, USA). Sodium chloride was obtained from Riedel-de Haen (Germany). 
Glycerol was obtained from BDH Laboratory Supplies (England). Sodium hydroxide 
of reagent grade was purchased from Amresco (Solon). Methanol and ethanol of 
analytical grade, and concentrated hydrochloric acid were purchased from AnalaR 
BDH Laboratory Supplies (England). Glacial acetic acid and acetone were purchased 
from E-Merck (Germany). Glycine, N, N ' - methylenebisacrylamide and acrylamide 
(99.9 %) were products from Life Technologies, Inc. (MD, USA). Coomassie 
brilliant blue R-250 (Bromophenol Blue), TEMED ( N，N , N ' , N ' -
tetramethylethylenediamine), Bis (N, N'-methylene-bis-acrylamide), ammonium 
persulfate，SDS (Sodium dodecylsulfate) and Bradford protein reagents were products 




2.2.1 Reagents and Buffers for assay of Proton Transport 
Suspending Buffer 
The suspending buffer contained 0.25 M sucrose, 0.02 M Tricine and 
0.02 M sodium chloride of which pH was adjusted to 7.66 using 4 M sodium 
hydroxide. The buffer was kept at 4°C. 
Assay Medium 
The assay medium contained 2.3 m M sucrose, 2.7 m M Tricine and 0.1 
M sodium chloride. It was kept at 4¾. 
80 % Acetone Solution 
Eighty millilitres of acetone were diluted to 100 ml with distilled 
water. 
Chloroplast Thylakoids 
Chloroplast thylakoids were prepared from spinach leaves according to 
the previous method (Ho and Po, 1996). De-veined spinach leaves were 
blended at top speed with pre-cooled suspending buffer in a ratio of 1 g to 4 ml 
for 10 sec at 4^C. The suspension was filtered through 4 layers of cheesecloth. 
Then, the filtrate was centrifuged at 300 x g for 2 min at 4¾. The supernatant 
was spun again at 5000 x g for 5 min at 4。C. The pellet was collected and 






The following solutions were prepared: 
3.15 m M Methyl Carbamate ( M C \ M.W. = 75.07 : 
2.35 mg o f M C was dissolved in 10 ml distilled water. 
3.15 m M Paraquat Dichloride (?0\ M.W. = 257.2 : 
8.1 mg ofPQ was dissolved in 10 ml distilled water, 
3.15 m M Ethvl Carbamate CEC\ M.W. = 89.09 : 
2.8 mg o fEC was dissolved in 10 ml distilled water. 
3 15 mM Diethvldithiocarbamic Acid (DEDCY M.W. 二 17L3 : 
5.4 mg ofDEDC was dissolved in 10 ml distilled water. 
3.15 m M Pvridinol Carbamate (PYC1 M.W. - 253.3 : 
8.0 mg ofPYC was dissolved in 10 ml distilled water. Gentle stirring was 
needed to dissolve the carbamate. 
3.15 m M Pvrrolidinedithiocarbamate ( F C \ M.W. 二 164.3 : 
5.2 mg ofPC was dissolved in 10 ml distilled water. 
A l l solutions were kept at 4 ®C. 
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2.2.3 Buffers for SDS-PAGE 
Acrvlamidey^is (30 % T. 2.67 % C) : 
29.2 g of acrylamide and 0.8 g of N, N'-methylenebisacrylamide were 
dissolved in 100 ml distilled water. It was stored at 4°C in the dark. 
1.5MTris>HCLpH8.8 : 
Tris base (54.45 g) was dissolved in 300 ml of distilled water. The pH was 
adjusted to 8.8 with concentrated hydrochloric acid. After pH adjustment, the 
solution was stored at 4®C. 
Q.5MTr is-HCLpH6.8: 
Tris base (6 g) was dissolved in 100 ml of distilled water. The pH was adjusted 
to 6.8 with concentrated hydrochloric acid. After pH adjustment, the solution 
was stored at 4。C. 
10 % (w/v) SDS : 
SDS (10 g) was dissolved in 100 ml of distilled water. It was kept at room 
temperature. 
10 % (w/v、Ammonium Persulfate : 
The solution should be freshly prepared. About 0.04 g of ammonium 
persulfate was dissolved in 400 ^il of distilled water. 
Sample Buffer A : 
3.0 ml ofdistilled water, 1.0 ml ofO,5 M Tris-HCl (pH 6.8)，1.6 ml ofglycerol, 
1.6 ml of 10 % SDS, 0.4 ml of2-mercaptoethanol and 0.4 ml of 0.5 % (w/v) 
bromophenol blue in water were mixed in solution. It was stored at 4°C. 
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Sample Buffer B : 
4 ml of 20 % SDS, 2,4 ml of glycerol, 0.4 ml of 2-mercaptoethanol, 2.0 mg of 
Brillant Blue G and 1.0 ml of 1 M Tris-HCl (pH 6.8) were mixed into a fmal 
volume of 20 ml with distilled water. 
Sample Buffer C : 
0.019 g of Monobasic sodium phosphate, 0.057 g of Dibasic sodium 
phosphate, 0.056 g of SDS, 0.056 ml of 2-mercaptoethanol, 0.833 mg of 
bromphenol blue and 2,0 g of urea were mixed into 5.56 ml with distilled 
water. The pH was adjusted to about 7.0 at 25。C. It was stored at 4^C. 
5x Electrode fRunning) Buffer : 
45 g of Tris base, 216 g of Glycine and 15 g of SDS were mixed in 3 L of 
distilled water. It was stored at 4 V . For one electrophoretic run, 300 ml of this 
5x Electrode buffer was diluted with 12 L of distilled water. About 350 ml of 
this buffer was used for upper chamber in the gel tank. The rest was diluted 
with 800 ml of distilled water and was used for the lower chamber in the gel 
tank. 
12 % Separating Gel: 
10.0 ml of acrylamideA)is (30 % T, 2.67 % C Stock), 8.675 ml of distilled 
water, 6.25 ml of 1.5 M Tris-HCl (pH 8.8)’ and 0.25 ml of 10 % SDS were 
mixed together. The mixture was degassed for 15 min before use. Prior to gel 
casting, 125 ^1 of 10 % ammonium persulfate (fresh) and 12.5 x^1 o fTEMED 
were added to the mixture, 
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15% Separating gel: 
12.25 ml of acrylamide^is (30 % T, 2.67 % C Stock)，5.875 ml of distilled 
water, 6.125 ml of 1.5 M Tris-HCl (pH 8.8), and 0.25 ml 10 % of SDS were 
mixed. The mixture was degassed for 15 min. Prior to gel casting, 125 ^1 o f lO 
% ammonium persulfate (fresh) and 12.25 ^il o fTEMED were added to the 
mixture. 
4 % Stacking gel: 
1.3 ml ofacrylamideybis (30 % T，2.67 % C Stock), 6.1 ml o f distilled water, 
2.5 ml of 0.5 M Tris-HCl (pH 6.8) and 100 ^il of 10 % SDS were mixed 
together. It was degassed for 15 min, After adding 50 jul of 10 % ammonium 
persulfate (fresh) and 20 fi l o fTEMED, it was cast immediately. 
Samples for SDS->PAGE (1): 
An aliquot of chloroplast thylakoids, assay medium and pesticides were 
pipetted to clean micro-tubes. The mixture was diluted with sample buffer A 
at a ratio of 1 to 4 (sample : buffer). The samples were incubated at 95^C for 4 
min. They were cooled to room temperature before they were stored at 4°C. 
The samples were thawed before use. 
Samples for SDS-PAGE ⑵ : 
An aliquot of chloroplast thylakoids, assay medium and pesticides were 
pipetted to clean micro-tubes. The mixture was diluted with sample buffer B 
at a ratio of 1 to 4 (sample : buffer). The samples were then incubated for 30 
min at 40。C. They were cooled to room temperature before they were stored 
away at -20¾. The samples were thawed before use. 
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Samples for SDS-PAGE ⑶ : 
An aliquot of chloroplast thylakoids, the assay medium and pesticides were 
pipetted to clean micro-tubes. The mixture was diluted with sample buffer C 
at a ratio of 1 to 4 (sample : buffer). The samples were then incubated for 60 
sec at 100¾. They were cooled to room temperature before storage at -20°C. 
The samples were thawed before use. 
Staining solution fO. 1 % Coomassive blue. 40 % methanol. 10 % acetic acid): 
200 ml ofmethanol, 50 ml of acetic acid ,0.5 g of coomassive blue and 250 ml 
ofdistil led water were mixed together. It was stored at room temperature. 
Destaining solution (40 % methanol. 10 % acetic acid): 
200 ml of methanol, 50 ml of acetic acid and 250 ml of distilled water were 
mixed together. It was stored at room temperature. 
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2.2.4 Reagents for Bradford Protein Assay 
Protein Markers 
The mixture of protein markers was prepared by mixing 10 ^il of 2.5 [ig/[d 
lysozyme, 10 ^ il of3 [ig/[il P-Lactoglobulin, 10 |il of 6 i^gy^ jul trypsinogen, 10 ^ il 
of2.25 [ig/[il albumin egg and 10 |il of2.25 ^ig/^il albumin bovine together. 
Bio-Rad Protein Assay Standard I I Lyophilized Bovine Serum Albumin (BSA) 
BSA (1.45mg/ml) was prepared by adding 20 ml nanopure water to reconstitute 
BSA. The solution was stored at 4 °C. 
Dye Reagent 
Dye reagent was prepared by diluting the Bio-Rad Protein Assay Dye Reagent 




2.3.1 Determmatiott of Chlorophyll Content 
Amon's method for the determination of chlorophyll content was used (Amon, 
1949), An aliquot (0.05 ml) ofchloroplast thylakoids was mixed with 9.95 ml of 80 % 
acetone solution. The optical density of the suspension was measured at 663 nm. The 
80 % acetone solution was used as the blank. The chlorophyll content was determined 
by the following equation: 
[Chlorophyll], mg chlorophyll/ml chloroplast suspension = A 663nm/(s x 1) 
where s is the absorption coefficient for chlorophyll, 34.5 ml mg"^  cm] and 
1 is the path length of solution in cuvette, cm 
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2.3.2 Determination of Protein Content in Chloroplast Thylakoids 
The protein content of chloroplast thylakoids was determined by the Bradford 
protein assay procedure. Three dilutions of protein standards were prepared. The 
linear range of the assay for BSA run from 100 to 500 ^g/ml. The assay buffer, 
standard BSA and 200 ^1 ofdye reagent were pipetted into a test tube containing from 
100 to 500 jLig/ml BSA in 1.0 ml of solution. The protein solution was assayed in 
duplicate. The mixture was incubated at room temperature for at least 15 min. 
Absorbance was observed to increase over time. The solution should be allowed to sit 
at room temperature for no more than 1 hour. The absorbance at 595 rnn was 
measured. The protein concentration of chloroplast thylakoids was determined from a 
standard curve. 
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2.3.3 Measurement of Proton Transport 
Experimental conditions were essentially based on the previous methods with 
modifications (Ho and Wang, 1981). The concentration ofTricine buffers ranging from 
2.3 to 3.0 mM was used to produce a good measurable signal. Also, the concentration 
ofsucrose solutions ranging from 2.1 to 2.5 mM and NaCl solutions ranging from 0.08 
to 0.13 M were needed to prepare the assay for good signal measurement (Ho and Po, 
1996). A typical assay contained 100 ^ig ChlorophylVml, 2.56 mM Tricine buffer, 
0.095 M NaCl and 2.17 mM sucrose. A calibrated amount of pesticide ranging from 0 
to 0.13 mM was used in all experiments. Chloroplast thylakoids were placed in the 
assay vessel for a few minutes in the dark for stabilization before an experiment started. 
The assay vessel used was a transparent lab-built waterjacketed vessel. The water 
jacket is used to maintain a constant temperature during the experiment and avoids the 
heating effect from the light source. Chloroplast thylakoids were then illuminated 
through a small opening in the blackbox with the 300-watt projector lamp. The 
blackbox was used to exclude stray radiations from the surrounding. When the pH 
reached a steady state, the light was turned off. The sample was allowed to relax in the 
dark. The pH would return to the initial value. The chloroplast suspension was titrated 
with 10 mM HC1 in the assay to convert pH changes into equivalent protons. Refer to 
Appendix IV for the conversion of equivalent protons from pH changes. The 
experimental setup was shown in Figures 8 and 9. 
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2.3.3.1 Pesticide Concentration Study 
For the study ofthe effect ofpesticide concentration on proton transport, a range 
of pesticide concentration from 0 to 1.3 m M was studied. The profiles of light-
induced pH changes in chloroplast thylakoids treated with various amounts of 
pesticides were compared. Then, a general trend of pesticide effect on proton 
transport was established. Besides, the effect of pesticide on proton transport with 
proton transport (%) vs concentration of pesticide was plotted. Refer to Appendix V 
for the calculation of proton transport (%). 
2.3.3.2 Time Course Study 
For the study of proton transport with time at different pesticide 
concentrations, chloroplast thylakoids with different pesticide concentrations were 
prepared. Proton transport was measured with time over a period of 4-h at 50 min 
intervals. As it was impossible to measure proton transport at time zero, proton 
transport at 10 min after the preparation of assay was taken as the control. A graph of 
proton transport (%) vs time was obtained. 
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2.3*3.3 Kinetic Analysis of the Effects of Pesticides on Chloroplast Thylakoids 
Before and After Illumination 
Proton transport through illuminated chloroplast membranes and leakage of 
accumulated protons from chloroplast membranes in the dark follow the first-order 
kinetics. Also, they were govemed by equations (1) and (2) in Section 1.4. As 5ss, 5 
and t could be obtained from the profile of light-induced pH changes in chloroplast 
thylakoids, the magnitude o f K o and KLCOuld also be obtained from the slope of the 
graphs ofIn(6/5ss) or In(l-5/6ss) vs time t. Besides, the coefficient oflinearity (r^) of 
- .1 
the graphs reflected the first-order kinetics. When K^ or K^ was plotted against the 
concentration of pesticide, it showed the effect of concentration of pesticide on the 
rates ofproton translocations. Moreover, the kinetic analysis also showed the effect of 
concentration of pesticide on the initial rate of proton transport (Ro). 
2.3.3.4 Study of the Combined Effects of Two Pesticides 
The method could also be used for the study of the effect of two pesticides 
together. In order to observe the combined effect, the concentration of one of the 
pesticide was kept constant. M this project, the concentration of paraquat was kept 
constant. Three different concentrations were chosen. They were 0, 5 jnM and 50 ^iM 
PQ, and, the range of the other pesticide was from 0 to 100 ^iM. The concentration 
study and kinetic analysis were carried out 
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2.3.4 Effect of Pesticides on Chloroplast Membranes by SDS-PAGE 
The pesticide-treated chloroplast membranes were studied by SDS-PAGE. 
When separating gel and stacking gel were casted, the gels were fixed onto the cooling 
core. After buffers were placed in the system, calibrated amounts of samples (40 jid) 
were loaded into the sample wells with a syringe. Between each sample loading, the 
syringe was washed thoroughly to avoid cross-contamination. Water was then 
allowed to pass through the cooling core in order to minimize difftision of bands. 
Constant voltage was employed during the electrophoretic run. The voltage was set at ) 
160 V and the running time was about 3.5 h. At the end of the run, the gels were | 
detached and were stained for half an hour. The gels were then destained ovemight in 
the presence of ambeolite. It was effective to destain the gels with the addition of ’ 
ambeolite, which could absorb the dye. When the gels were destained completely, 
they were mounted on glass plates for drying by air. When the gels were dried, they 
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3.1 Pesticide Concentration Study 
3.1.1 Paraquat Dichloride (PQ) 
Figure 10 shows light-induced pH changes in chloroplast thylakoids (100 |ug 
ChlorophylVml) treated with different amounts ofPQ. When there was no PQ added 
in the assay (control), proton transport was taken as 100 % in activity. When a small 
amount ofPQ (< 30 ^M) was added to the assay, an increase in proton transport was 
observed. However，proton transport became inhibited as the PQ concentration 




0 30 60 
Time (sec) 
Figure 10. Light-induced pH changes in chloroplast thylakoids treated with various amounts 
of PQ : (a) 30 nM, {b) 30 i^M, (c) control, (d) 0.5 mM, (e) 1.3 mM. 
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The relative change in percent of proton transport (%) was measured with 
reference to the control. A general trend of gradual decrease in proton transport with 
the increase o fPQ concentration was obtained (Figure 11). Log scale was used in 
Figure 11 for the easy management of data. 
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Figure 11. Effect of PQ on proton transport. 
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3.1.2 Methyl Carbamate (MC) 
Figure 12 shows light-induced pH changes in chloroplast thylakoids with 
different amounts o f M C in the assay. Methyl carbamate caused inhibition ofproton 
transport with the increase of carbamate concentration. The degree of inhibition 
became more noticeable at high MC concentration (> 0.1 m M MC). The 
concentration effect o f M C is graphically shown in Figure 13. 
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Figure 12. Light-induced pH changes in chloroplast thylakoids treated with MC : (a) control, 
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Figure 13. Effect of MC concentration on proton transport. 
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3.1.3 Ethyl Carbamate (EC) 
Figure 14 shows light-induced pH changes in chloroplast thylakoids with 
different amounts of EC, Ethyl carbamate caused significant inhibition on proton 
transport with the increase of EC concentration. The concentration study of EC 
between 0 to 100 ^ M is graphically shown in Figure 15. 
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Figure 14. Light-induced pH changes in chloroplast thylakoids treated with EC : (a) control, 
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Figure 15. Effect of EC concentration on proton transport. 
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3.1.4 Pyridinol Carbamate CPYC) 
Figure 16 shows light-induced pH changes in chloroplast thylakoids with 
various amounts o fPYC. 
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Figure 16. Light-induced pH changes in chloroplast thylakoids treated with PYC : (a) control, 
(b) 0.99 |iM, (c) 10 ^M, (d) 49.9 t^M, (e) 100 nM. Light is turned on and off at indicated times. 
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The concentration effect of PYC on proton transport is shown in Figure 17. 
When a small amount ofPYC (< 40 jtiM) was added to the assay, a decrease in proton 
transport was observed, but the inhibition of proton transport did not increase with the 
increase ofPYC concentration. 
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3.1.5 Pyrrolidinedithiocarbamate (PC) 
Figure 18 shows light-induced pH changes in chloroplast thylakoids with 
different amounts ofPC. PC caused significant inhibition of proton transport with the 
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Figure 18. Light-induced pH changes in chloroplast thylakoids treated with PC : (a) 0.2 mM, 
{b) 30 pM, (c) 30 nM, (d) 25 mM, (e) control. Light is turned on and off at indicated times. 
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The relative percent of proton transport was found to depend on the 
concentration of PC tested. It produced a gradual decrease in proton transport non-
linearly with the increase ofPC concentration (Figure 19). 
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Figure 19. Effect of PC on proton transport. 
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3.1.6 Diethyldithiocarbamic Acid (DEDC) 
Figure 20 shows light-induced pH changes in chloroplast thylakoids with 
different amounts of DEDC. Proton transport became inhibited as the DEDC 
concentration increased (Figure 21). 
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Figure 20. Light-induced pH changes in chloroplast thylakoids treated with DEDC : (a) 
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Figure 21. Effect of DEDC on proton transport. 
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3.1.7 Summary of the Pesticide Concentration Study 
A summary of the concentration study of all the pesticides are shown in Figure 
22. 
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Figure 22. Comparison ofthe effectsof pesticides on proton transport: (a) PQ, (b) DEDC, (c) 
EC, (d) PYC, (e) MC and (f) PC. 
51 
Results 
3.2 Time-course Study 
Proton transport was measured with time at different pesticide concentrations. 
Proton transport gradually decreased with time over a period o f4 -k The decrease of 
proton transport with time is shown in Figure 23. 
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3.3 Kinetic Analysis of Effects of Pesticides on Chlon>plast 
Thylakoids before and after Dlumination 
3.3.1 Paraquat Dichloride (PQ) 
The kinetic study of proton transport in illuminated chloroplast thylakoids with 
various amounts ofPQ was carried out. The best straight line was drawn based on the 
least square method. The rate of proton uptake ( ¾ ) and leakage (Ko) upon 
illumination and in the dark showed a linear correlation with time. Typical kinetic 
'V 
plots are shown in Figures 24 and 25, and the coefficient of linearity (r^) for these 
graphs are shown in Appendices I and E. As r^ values are close to 1, the PQ-treated | 
chloroplast thylakoids shows the first-order of kinetics of proton transport. ! 
i 
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Figure 24. A typical kinetic analysis of proton uptake in PQ-treated chloroplast thylakoids at 
different PQ concentrations: control ( • ) ’ 10nM (m), 30 nM (A), 66 nM (A), 10 ^ iM ( • ) ’ 30 ^ iM 
(•), 0.5mM (今)，1.3mM{0). 
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Figure 25. A typical kinetic analysis of proton leakage with PQ-treated chloroplast thylakoids 
at different PQ concentrations : control (•)，10 nM (•)，30 nM (•)，66 nM (A), 10 ^M (•)，30 i 
i^M (•)，6  i^M (•)，0.1 mM ( 0 ) , 0.5 mM (x), 1.3 mM (+). 
The proton decay ( ¾ ) and the proton leakage (Ko) constants were computed. 
Both KL and Ku increased noticeably with the elevation ofPQ concentration in a non-
I 
linearly fashion (Figure 26). Besides, the value ofKL was greater than Ko. The initial 
rates of proton pumping (Ro) were calculated and shown in Appendix III. There was a 
significant increase in Ro when the concentration ofPQ increased (Po and Ho, 1997). 
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3.3.2 Methyl Carbamate (MC) 
The kinetic study of proton transport in chloroplast thylakoids upon illumination 
and in the dark showed the first-order ofkinetics, and the coefficient oflinearity ofthe 
kinetic plots are shown in Appendices I and II. 
Ko increased non-linearly with the concentration ofMC, but there was variation 
ofKL as the MC concentration increased. However, KL noticeably increased with MC 
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Figure 27. Variations of Ki ( • ) and Ko (•) with the concentration of MC. 
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3.3.3 Ethyl Carbamate (EC) 
Both the rates of proton uptake upon illumination and proton leakage in the 
dark showed linear correlation with time. The coefficient oflinearity of the kinetic plots 
are shown in Appendices I and II. 
Both K i and Ko were computed. They increased slightly over the EC 
concentration studied (Figure 28). Ro decreased slightly with the increase in EC 
concentration (Appendix III). 
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Figure 28. Variations of Ki_ ( • ) and Ko (•) with EC concentrations. 
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3.3.4 Pyridinol Carbamate (PYC) 
The kinetic study showed the rates of proton uptake upon illumination and 
proton leakage in the dark. It followed the first-order ofkinetics. The coefficients of 
linearity are shown in Appendices I and II. 
Both KL and Ko were computed (Figure 29). K i slightly decreased at low PYC 
concentration (< 30 ^iM). It remained unchanged when the PYC concentration 
exceeded 30 ^iM. Ku also slightly increased at low PYC concentration (< 40 ^iM) and 
also remained unchanged at high concentration. Ro was significantly reduced at low 
PYC concentration (< 10 ^iM), but remained the same as the concentration of PYC 
increased (Appendix III). 
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Figure 29. Variations of Ki ( • ) and Kp (•) with the concentration of PYC. 
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3.3.5 Pyrrolidinedithiocarbamate ^PC) 
The PC-treated chloroplast thylakoids showed the first-order of kinetics. The 
coefficient of linearity of graphs significantly decreased as the PC concentration 
increased (Appendices I and II). 
Ko values obtained from the PC-treated chloroplast thylakoids were much 
smaller than those of K^ with the illuminated thylakoids. Also, Ko decreased 
markedly at relative high PC concentration while & increased slightly with the 
increase ofPC concentration (Figure 30). Besides, there was a significant decrease in 
Ro with the increase ofPC concentration (Appendix III). 
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Figure 30. Variations of Ki ( • ) and Ko ( • ) with PC concentrations. 
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3.3.6 Diethyldithiocarbamic Acid pDEDC) 
The kinetic study of proton transport in chloroplast thylakoids with various 
amounts ofDEDC was carried out. The DEDC-treated chloroplast thylakoids showed 
the first-order ofkinetics. The coefficients oflinearity are shown in Appendices I and 
n, but the i value was significantly reduced at > 5 ^ M DEDC concentration after 
illumination. 
Both KL and Ko were computed and plotted vs DEDC concentration in Figure 
31. KL increased slightly with DEDC concentration, but Ko remained unchanged over 
the range ofconcentration studied. There was a significant decrease in Ro over the 
DEDC concentration studied (Appendix HI). 
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Figure 31 • Variations of Ki ( • ) and Ko (_) with DEDC concentrations. 
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3.4 Combined Effects of Pamquat and Carbamates 
3,4.1 Paraquat and Methyl Carbamate 
The concentration study of MC with a constant amount of PQ is shown in 
Figure 32. The result obtained using MC with 5 ^iM ofPQ showed an increase on 
proton transport over the range o fMC concentration studied. When the concentration 
of PQ was increased to 50 ^iM, inhibition of proton transport was observed in the 
presence of MC at the concentration tested. 
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Figure 32. Combined effect of MC and PQ on proton transport: with 0 ^M PQ added ( • ) , with 
5 jiM PQ (•)，with 60 iiM (A). 
61 
Results 
In the presence ofPQ and MC, chloroplast thylakoids showed the first-order of 
kinetics of proton transport. The results of the kinetic analysis are shown in Table I, 
Table 丨 Kinetic Analysis of MC and PQ reaction with 
Chloroplast Thylakoids 
Conc. ofMC (^ iM) Coefficient of linearity (r^ ) 一 mumination Darkness  
O^M 5yM 50jiM OpM 5 i^M 50pM  
PO PQ PO P0 P0 PQ 
0 0.975 0.969 0.957 0.975 0.996 0.935 
1 0.962 0.970 0.978 0.980 0.999 0.917 
5 0 . 9 8 4 0.965 0.972 0.991 0.994 0 . 9 5 1 
10 0.941 0.978 0.966 1.000 0.982 0.915 
30 0.962 0.967 0.960 0.990 0.982 0.980 
5 0 0.901 0 . 9 6 7 0.976 0.992 0.949 0.949 
m 0.973 0.967 0.953 0.955 0.937 0.970 
Table II The Initial Rate of Proton Transport with MC and PQ-
treated Chloroplast Thylakoids 
~Concentration~~ Initial rate of proton pumping 
of (Ro, nmole H+Ang ChL per sec) 
MC (M>M)  OpMPQ 5nMPQ 50pMPQ 
0 1 7 . 4 土 7 . 9 2 5 . 5 ± 2 . 3 2 5 . 7 ± 2 . 0 
1 1 5 . 4 土 1 3 2 4 . 2 土 3 . 9 2 8 . 5 土 7 . 0 
5 1 4 . 5 士 2 . 4 2 3 . 2 ± 2 . 4 2 5 . 4 ± 5 . 0 
10 14,8±2.7 25.4±3.9 28.7±2.0 
3 0 1 3 . 5 士 2 . 1 2 5 . 4 土 3 . 3 2 3 . 6 ± 3 ‘ 0 
5 0 1 3 . 4 士 1 . 7 2 7 . 7 ± 4 . 2 2 2 . 5 ± 2 . 0 
100 14.4±2,8 26.8±2.0 24.4±2,0 
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The kinetic analysis showed that K [ increased with the addition ofPQ, while Ko 
also changed appreciably (Figure 33). The respective Ro increased as well (Table II). 
However, there was no significant difference on proton transport when the 
concentration ofPQ ranging from 5 ^iM to 50 ^iM was used. 
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Figure 33. Variations of K[ and Ko with the concentration of MC and PQ : Ki (red): 0 ^M PQ 
(•)，5 i^M PQ (•)，50 i^M PQ ( • ) ; Ko (blue) : 0 ^M PQ (今)，5 d^VI PQ (•)，50 i^M PQ (A). 
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3.4.2 Paraquat and Ethyl Carbamate 
There were insignificant changes in proton transport when EC was used with or 
without the addition of PQ, but there was an obvious change in the kinetics of proton 
transport (Table III). The r^ values decreased with the addition ofboth PQ and EC in 
the dark. Both KL and Kn increased with the addition ofPQ. The increase was greater 
at low concentration ofPQ (Figure 34). There was no significant change with Ro with 
the addition of5 ^iM PQ. However, Ro increased markedly with the addition of 50 ^iM 
PQ (Table IV). 
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Figure 34. Variations of KLand Kp with the concentration of EC and PQ : K[ (red) : 0 i^M PQ 
(•)，5 ^ M PQ (•)，50 ^ M PQ(A); Ko (blue) : 0 ^M PQ ( )，5 i^M PQ ( • ) ’ 50 i^M PQ (A). 
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Table III Kinetic Analysis of EC and PQ reaction with Chloroplast 
Thylakoids 
Conc. Of Coefficient of linearity 
E C _ (r') 
niumination Darkness  
0 K t M P Q | 5 _ P Q | 50nM 0 p M P Q ! 5 n M P Q | 50卿 
0 0 .975~ 0.972 ~"0.969 0.980 0.975 0.970 
1 0.954 0.981 0.968 0.991 0.946 0.978 
5 0.948 0.977 0.957 0.973 0.934 0.981 
10 0.965 0,962 0.955 0.990 0.957 0.983 
30 0.963 0.991 0.975 0.980 0.957 0.924 
50 0.968 0.987 0.977 0.953 0.928 0.935 
100 0.972 0.959 0 962 0.996 0.975 0.968 
Table IV The Initial Rate of Proton Transport with EC and PQ-
treated Chloroplast Thylakoids 
Concentration of Initial rate ofproton pumping 
EC(uM) (Ro, nmoleH+/mg Chl per sec) 
O^iMPQ 5^iMPQ 50MMPQ 
0 31.5土 7.5 26.8± 10.8 36.2± 5.0 
1 3 0 . 4士 1 4 . 1 21.4土 2.7 3 2 . 8土 5 , 4 
5 24.4土 7.0 26.1土 9.8 3 2 . 7 ± 6 . 8 
10 27.5士 10.4 30.1 土 18.5 36‘5土8.8 
3 0 2 9 . 4 ± 1 3 . 0 2 5 . 9土 9 . 5 3 2 . 1 ± 8 . 1 
50 29.6士 13.8 26.4± 13.0 33 .6 i l2 .8 
100 27.7± 13.8 23.7士7.0 40.4土5.0 
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3.4.3 Paraquat and Pyridinol Carbamate 
Proton transport increased with the addition of PQ, but a more significant 
increase was observed at high concentration ofPQ (Figure 35). 
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Figure 35. Effect of PYC and PQ on proton transport: 0 i^M PQ (•)，5 i^M PQ (•), 50 i^M PQ 
(A). 
The PYC and PQ-treated chloroplast thylakoids showed the first-order of 
kinetics with r^ value close to 1. The results are shown in Tables V. Both ^ and Kp 
increased with the addition ofPQ (Table VI). Also, Ro increased with the addition of 
PQ (Table VII). 
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Table V Kinetic Analysis of PYC and PQ reaction with 
Chloroplast Thylakoids 
Conc. of Coefficient of linearity 
PYC (r )^ 
m        niumination Darkness  
O^MPQ 5^iMPQ 50^M~"~0pMPQ|5^iMPQ| 5 0 _    
PQ PQ 
0 0 ^ o M 0 ^ 0 ¾ 0950~" 0.988 
1 0.920 0.972 0.986 0.996 0.990 0.961 
5 0.987 0.960 0.970 0.930 0.990 0.995 
10 0.924 0.959 0.962 0.971 0 . 9 1 6 0 . 9 1 8 
30 0.930 0.931 0.958 0.984 0.975 0.965 
50 0.938 0.963 0.965 0.998 0.905 0.955 
100 0.972 0.907 0.952 0.928 0.941 0.901 
Table VI Rate Constants of Proton Uptake and Leakage with 
PYC and PQ4reated Chloroplast Thvlakoids 
Conc. ~~Rate constant of proton uptake~ Rate constant of proton leakage 
of (KL，s-i) ( ¾ , s-') 
PYC 
(uM) : • , : : : , . , . . j . . . . __�"…--"•� -
0 nM PQ 5 nM PQ 50 yM PQ 0 nM PQ 5 nM PQ 50 i^M PQ 
~ 0 0 . 1 7 ± 0 . 0 3 0 . 2 2 ± 0 . 0 2 0 . 2 2 + 0 . 0 3 0 . 0 3 7 ± 0 . 0 0 6 0 . 0 4 3 土 0 . 0 1 1 0 . 0 4 0 ± 0 . 0 0 6 
1 0‘ 1 4土 0 . 0 4 0 . 2 2 ± 0 , 0 2 0 . 2 0 土 0 . 0 1 0 . 0 3 8土 0‘ 0 0 5 0 . 0 4 8 ± 0 . 0 1 6 0 . 0 4 5 ± 0 . 0 0 9 
5 0 . 1 4 士 0 . 0 4 0 . 2 3 士 0 , 0 2 0 . 2 2 土 0 . 0 0 0 . 0 3 3 ± 0 . 0 0 6 0 . 0 4 8 土 0 . 0 1 8 0‘ 0 4 5土 0‘ 0 1 4 
1 0 0 ‘ 1 3 ± 0 . 0 1 0 . 2 1 土 0 . 0 1 0 . 2 2 ± 0 , 0 3 0 . 0 3 9 ± 0 . 0 1 6 0 , 0 4 0 士 0 . 0 0 6 0 . 0 4 0 ± 0 . 0 1 4 
3 0 0 . 1 3 ± 0 . 0 1 0 . 2 5 ± 0 . 0 2 0 . 2 2 ± 0 . 0 1 0 . 0 4 3 ± 0 . 0 1 5 0 , 0 4 9 ± 0 . 0 0 8 0‘038 ± 0 . 0 0 7 
5 0 0 . 1 3 ± 0 . 0 1 0 , 2 3 ± 0 . 0 2 0 . 2 1 士0‘02 0 . 0 4 2 ± 0 . 0 1 4 0 . 0 4 3土 0 ‘ 0 0 2 0 . 0 4 6 士 0 . 0 1 1 
1 0 0 0 . 1 4 ± 0 . 0 1 0 . 2 3 土 0 . 0 3 0 . 2 3 ± 0 . 0 3 | 0 . 0 4 0 ± 0 ‘ 0 1 9 | 0 . 0 4 9 ± 0 . 0 1 9 0 . 0 5 2 ± 0 . 0 1 9 
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Table VII The Initial Rate of Proton Transport with PYC and PQ-
treated Chloroplast Thylakoids 
Concentration of Initial rate of proton pumping 
PYC(^iM) (Ro, nmole H+/mg ChLpersec) 
O^MPQ 5pMPQ 50^iMPQ 
0 ~ ~ 28.5±5.6~~~ 35.3±2.7 35.7士4.2 
1 20.4土2.7 33.4土2.9 32.5土4.0 
5 2 1 . 4 ± 2 力 3 4 . 6土 3 . 3 3 4 . 6土 1 . 9 
10 1 9 . 4 ± 2 . 4 3 1 . 4土 0 . 5 3 3 . 4 ± 2 . 9 
3 0 19.6土 1.7 3 8 . 7 ± 3 . 1 3 3 . 0 ± 0 . 5 
50 19.5± 1.2 33.7土2.5 31.9±3.2  
1 0 0 2 0 . 7土 2 . 0 3 2 . 8土 2 . 8 3 3 . 8土 3 . 6 
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3.4.4 Paraquat and Pyrrolidinedithiocarbamate 
The combined effect ofPC and PQ was investigated. An addition of more PQ 
increased proton transport over the entire concentration range ofPC (Figure 36). 
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Figure 36. Effect of PC and PQ on proton transport: 0 i^M PQ ( • ) ’ 5 ^M PQ (•), 50 \xU PQ 
(A). 
The kinetic analysis was also carried out. The PC and PQ-treated chloroplast 
thylakoids showed the first-order ofkinetics. Both K [ and K^ were computed and are 
shown in Table VIII. ^ increased with the addition ofPQ. However, there were no 
significant changes with Ko- Ro also increased with the addition ofPQ (Table DC). 
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Table VIII Rates Constants of Proton Uptake and Leakage with 
PC and PQ-treated Chloroplast Thylakoids 
o J.1M PQ 5 J.1M PQ 50 J.LM PQ o J.1M PQ 5 J.1M PQ 50 J.1M PQ 
0 0.10 ± 0.01 0.21 ± 0.03 0.22 ± 0.03 0.031 ± 0.015 0.042 ± 0.011 0.043 ± 0.015 
1 0.12 ± 0.01 0.23 ±0.03 0.19 ±0.03 0.034 ± 0.007 0.035 ± 0.018 0.038 ± 0.009 
5 0.13 ±O.02 0.24 ± 0,03 0.21 ± 0.02 0.031 ± 0.008 0.036 ± 0.023 0.042 ± 0.016 
10 0.12 ± 0.02 0.24 ± 0.03 0.23 ± 0.03 0.035 ± 0.014 0.035 ± 0.016 0.049 ± 0.026 
30 0.12 ± 0.02 0.27 ± 0.07 0.25 ± 0.03 0.032 ± 0.012 0.036 ± 0.008 0.043 ± 0.021 
50 0.12 ± 0.01 0.30 ± 0.09 0.25 ± 0.03 0.041 ± 0.010 0.064 ± 0.011 0.048 ± 0.012 
100 0.13 ± 0.01 0.34 ± 0.05 0.27 ± 0.01 0.053 ± 0.010 0.066 ± 0.008 0.050 ± 0.001 
Table IX The Initial Rate of Proton Transport with PC and PQ-
treated Chloroplast Thylakoids 
...... Colicentration. of 








o J.1M PQ 5 J.1M PQ 50 J.lM PQ 
20.7 ± 1.1 30.2 ± 9.7 28.2 ± 1.0 
15.5 ± L5 31.6±5.8 24.7 ± 2.0 
14.7 ± 1.4 32.0 ± 6.7 26.5 ± 1.0 
14.1 ± 1.7 30.9 ± 4.8 27.7 ± 1.0 
13.7 ± 0.8 30,3 ± 4.5 30.6 ± 3.0 
12.1 ± 0.4 30.0 ± 3.0 28.3 ± 1.0 
12.5 ± 0.4 33.6 ±3.7 29.8 ± 1.0 
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3.4.5 Paraquat and Diethyidithiocarbamic Acid 
The combined effect ofDEDC and PQ on proton transport was studied. There 
were no significant changes on proton transport with the addition of PQ when DEDC 
concentration was < 30 ^iM. The DEDC and PQ-treated chloroplast thylakoids showed 
2 
the first-order of kinetics. The coefficients of linearity are shown in Table X. The r 
values decreased significantly with the addition ofboth PQ and DEDC in the dark. KL 
increased while Ko decreased slightly in this study (Figure 37). Besides, Ro slightly 
increased with PQ concentration (Figure 38). 
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Figure 37. Variations of K[ and Kp with DEDC and PQ concentrations : K[ (red) : 0 i^M PQ 
( • ) , with 5 t^M PQ (•), with 50 ^M PQ (• ) ; Ko (blue): 0 ^M PQ ( ), with 5 ^M PQ (• ) , with 50 
i^M PQ (A). 
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Figure 38. Effect of DEDC and PQ on the initial rate of proton transport: 0 {iM PQ ( • ) , with 5 
^M PQ (•), with 50 nM PQ (A). 
Table X Kinetic Analvsis of DEDC and PQ reaction with 
Chloroplast Thylakoids 
Conc.~^ ~ ~ Coefficient oflinearity 
• . .. . ^ . . . .. . . of (r') 
DEDC (nM)  niumination Darkness  
— O p M P Q | 5 ^ M P Q SO^iMPQ O ^ M P Q 5 ^ M P Q 50 y M PQ 
0 0952 0 9 ^ 0 ^ ~ ~ ~ 0.982 0 ^ ~ 0.910 
1 — 0.959 0.975 0.976 0.978 0.944 
5 0.932 0.945 0.963 0.989 0 . 9 5 0 0.942 
10 0.925 0.973 0.930 0.997 0.881 0.902 
3 0 0.969 0 . 9 3 3 0.970 0.953 0.702 0.702 
5 0 0.996 一 0.966 0.914 0.454 0 . 6 5 3 
1 0 0 0.953 0,938 0.923 一 0.830 0.883 
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3.5 Gel Electrophoresis 
The homogenate of chloroplast thylakoids treated with different pesticides 
were analyzed by SDS_PAGE. Three buffers (Buffer A, B and C，refer to Section 2.2.3 
for more details) were used for the preparation of samples. The results showed that 
Buffer C produced a relative sharper protein band. Thus, Buffer C was used for the 
sample preparation. Instead of 15 % separating gel, 12 % separating gel was used in 
order to improve the separation of the protein bands (60 jug protein were loaded in 
each well). The SDS-PAGE is shown in Figure 39. The molecular weights of protein 
markers were shown on the right-hand side of the SDS-PAGE. By plotting relative 
mobility (Rf) against log of molecular weight, the molecular weight of each band 
could be found. Then, five bands corresponding to the molecular weights of five 
subunits : a，p, y, 6 and s were identified. The molecular weight of the five subunits 
obtained from the SDS-PAGE were close to the values in the literature. Refer to 
Appendix V I I for the calculation of Rf. 
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Figure 39. The SDS-PAGE (12 % separating gel) of ATPase complex using Buffer C : (1) 
protein standards, (2) chloroplast thylakoids, (3) chloroplast thylakoids with 50 i^M PQ, (4) 
chloroplast thylakoids with 50 i^M MC, (5) chloroplast thylakoids with 50 ^M PC, (6) protein 
standards, (7) chloroplastthylakoids, (8) chloroplast thylakoids with 50 i^M EC, (9) chloroplast 
thylakoids with 50 i^M DEDC, (10) chloroplast thylakoids with 50 t^M PYC. 
However, there were no apparent differences among the samples treated wi th 
different pesticides. Thus, the gels were analyzed by densitometer. However, the 
results did not show any differences. 
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Discussion 
According to the present study, PQ and the carbamates inhibited proton 
transport in chloroplast thylakoids to different extents (Figures 10-22). The effect of 
EC was the least noticeable while the effect ofPC was the most significant. This is 
demonstrated by the irregular pH changes in chloroplasts at high PC concentration 
(Figure 18). Illumination caused electron flow along the electron transport chain in 
thylakoid membranes which is coupled with the transportation of protons into the 
thylakoid space. Thus, this light-dependent proton transport led to internal 
acidification ofthylakoid，so the profiles of pH changes in chloroplasts could provide 
information on the internal proton capacity of the pesticides-treated chloroplast 
thylakoids. 
PQ showed enhancement on proton transport at low concentration (Figures 10 
and 11). PQ is an efficient electron mediator. It facilitates more efficiently the 
movement ofproton. In the presence of oxygen, PQ acts as an electron acceptor at the 
acceptor site ofPSI and operates catalytically by reoxidation. Thus, electron can be 
transferred from water to PSII and PSI, enhancing proton transport in chloroplasts. PQ 
also affects the activation state of several other photosynthetic enzymes. As PQ is 
water and lipid soluble, its interaction with the enzyme system, such as superoxide 
dismutase, probably resulted in the formation ofH2O2 and ROS which were likely to 
produce membrane perturbation (Figures 10,11, 26 and Appendix III; Chauhan et al, 
1992). As the chain of electron carriers in photosynthetic electron transport is 
embedded in the thylakoid membranes, the disruption of thylakoid structure might 
affect the electron flow. The effect was more significant at high PQ level (Figure 10). 
On the other hand, the inhibitory effect of carbamates on proton transport was likely 
due to the alteration ofthe conformation of thylakoid membranes, and subsequently 
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affected the ATPase function via uncoupling reactions. This interfered electron 
transport and energy transfer in chloroplasts. The inhibitory effect of 
dithiocarbamates on proton transport was likely due to the formation of isothiocyanate 
radical (Ware，1989) and the interaction of s-subunit (Cruz et al, 1995). Light-induced 
movement of the s-subunit toward the membrane would expose the y disulfide bond to 
the medium (Richter, 1996). The exposed -SH groups could probably interact with the 
isothiocyanate radicals. Furthermore, as the y-subunit was involved in proton 
transport and in regulation of enzyme activity (Nelson, 1982), dithiocarbamates might 
also interact with y-subunit and interfere the transportation of protons. 
The kinetic analysis of proton transport with the pesticides showed the first-
order ofkinetics (Figures 24 and 25), The r^ values could be used as indicators ofthe 
kinetics (Appendices I and II)，but the r^ values decreased with the pesticide 
concentrations. When the r^ values were close to unity, the rate of proton transport 
remained unaffected but when the r^ values decreased, the rate was affected. As the 
variation ofr^ values was different among different pesticides, it was believed that the 
tertiary conformation ofthe membrane was probably altered to different degrees by 
the amount of pesticides present. 
In the membrane-bound CFoCFi complex, pesticides were shown to affect the 
rates of proton uptake upon illumination ( K J and leakage in the dark 0¾) in both 
directions. The changes in K [ and 1¾> suggested that the conformation of the proton 
channel in the membrane was different. The relative direction and magnitude of the 
variation were different with different pesticides. The kinetic analysis (Figures 26-31) 
also suggested that there could be disruption in the proton channel with the increase of 
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pesticide concentration. Both rate constants were dependent on the duration of the 
experiment and the concentration of pesticides. Generally, K^ was greater than that of 
Ko. As there was a pH difference between the inner thylakoid space and the medium, 
it was reasonable to expect that K^ and K^ were different. Moreover, since the inner 
membrane of the chloroplast envelope is impermeable to protons, inward proton 
translocation is more effective than in the opposite direction which is consistent with 
the experimental results. The results indicated that the membrane more readily 
facilitated uptake of the protons upon illumination than the release of protons back 
into the medium in the dark. Kj_ of the pesticides-treated chloroplast thylakoids 
increased with the elevation of the pesticide concentration except with PYC. The 
PYC might display different interactions with the ATPase complex in chloroplasts. 
The variation ofKL with PYC (Figure 29) suggested that there was stronger interaction 
o fPYC with thylakoids and the status of the tertiary structure of the membrane was 
relative unstable in the presence of PYC. Furthermore, there were no significant 
changes on Ko in the presence ofPYC or DEDC (Figures 29 and 31). This could mean 
the rate of proton leakage in the dark did not depend on the concentration of the 
dithiocarbamates. On the other hand, PC could affect the thylakoids through different 
mechanisms. PC was likely to more strongly interact with 5-subunit and block the 
leakage ofproton than other carbamates (Figure 30; Yoshida et cd, 1977). 
Generally, the initial rate ofproton transport (Ro) was rapidly reduced in the 
presence of pesticides except with PQ m d EC (Appendix III). PQ showed 
enhancement on Ro whereas EC showed no effects on Ro. Changes on Ro was 
probably due to the conformational change of the proton pathway in the membrane. 
Therefore, it could be reasonable to assume that PQ strongly interacted with thylakoid 
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membranes at high concentration of PQ. The probable binding of PQ could 
subsequently enhance proton transport. When the proton channel was widely open, 
proton transport increased. On the other hand, a low concentration ofPQ facilitated 
electron transfer leading to the enhancement of proton transport (Figures 10 and 11). 
The results showed PQ was both an effective inhibitor and an efficient activator on 
proton transport probably due to its capability as an electron mediator. When the 
results ofEC were compared with those o fMC at high concentration, a higher value of 
Ro for EC was observed (Appendix III). It was suggested that EC was less effective in 
blocking electron flow through PSE when compared with that of MC. On the other 
hand, the rapid reduction ofRo for PYC was likely due to the blockage of the electron 
flow through PSII. DEDC and MC might cause deformation of proton channel, and, 
consequently, protons were released through different pathways. 
The combined effects of PQ and carbamates showed more significant 
inhibition because PQ inhibits the PSI while carbamates affects the PSII reactions. In 
this study，PQ with PYC or PC (Figures 35 and 36), PQ facilitated proton transport. 
Similar effect was also observed at low PQ concentration (5 jiiM PQ) in the presence 
o f M C (Figure 32). The decrease in proton transport at 50 ^ M PQ in the presence of 
MC was believed that the ability of electron mediation was overwhelmed by its 
inhibitory effect. The possible formation of ROS might lead to disruption of 
membrane and collapse of the electron flow and, subsequently, change of proton 
transport within the chloroplast thylakoids. The effect ofDEDC and/or EC showed 
that there were no observable changes on proton transport with or without the addition 




The kinetic analysis showed that the presence of PQ and carbamates together 
would lower the r^ values (Tables I，HI, V and X) though they showed first-order of 
kinetics at low concentration. The results indicated that the proton pathway in 
membranes could be significantly deformed with the increase of pesticide 
concentration. PQ was believed to cause disruption of thylakoid structure (Kirtikara 
and Talbot, 1996). Hence, it might allow carbamates to interact with PSII. Electron 
f low through PSII was therefore interrupted. Besides, both K [ and K^ increased in the 
combined study except with MC and DEDC (Figures 33，34, 37，Tables V I and VIII). 
The results suggested that the pesticides induced different changes of the 
conformation of the membranes. For MC or DEDC, in the presence ofPQ, only K [ 
increased over the range of concentration studied while K。remained unchanged 
(figures 33 and 37). The results indicated that the proton channel might be widely 
opened to subsequently facilitate proton transport. Ro increased in the presence ofPQ 
and carbamates tested (Tables II, IV, V I I and DC, and Figure 38). The change in Ro 
suggested that PQ more efficiently facilitated the proton transport. Also, it might be 
due to the alteration of the conformation of the proton channel and damage of the 
membrane by the oxygen radicals through binding ofPQ on the membranes. 
The interaction of pesticides with chloroplast membranes was studied by 
SDS-PAGE. Based on the results ofthe SDS-PAGE and densitometty, the subunits of 
ATPase were not affected by the treatment of pesticides except with PYC (Figure 39). 
This might be due to the disruption of tertiary structure of subunits resulting in charge 
differences in the peptides. Though analysis of three gels were performed, the results 
did not show any difference. Thus, the electrophoretic pattern did not provide any 
information on the interaction between pesticides and chloroplast membranes. 
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Conclusion 
Paraquat was an effective inhibitor and an efficient activator on proton 
transport at different PQ concentrations. It facilitated electron transfer coupled with 
proton transport at low concentration. The inhibitory effect of PQ at high 
concentration was likely due to the formation of ROS which caused disruption of 
membranes. 
Different carbamates showed different degrees of inhibition on proton 
transport. PC was the most effective pesticides among all the carbamates studied. 
Kinetic measurement of proton transport indicated that all pesticides tested 
showed the first-order of kinetics, especially at low concentration. At high pesticide 
concentration, it showed deviation from the first-order of kinetics. Generally, 
pesticides are believed to affect the formation of the proton channel in the membrane. 
Different pesticides interact differently with the chloroplast thylakoids membranes 
and affect proton transport through different mechanisms. 
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Kinetic Analysis of Pesticides with Chloroplast Thylakoids in 
the dark 
Concentration Coefficient of linearity (r )^ 
ofPesticides in the dark • 一 PQ MC EC [ PYC PC DEDC 
~ ~ 0 (control) 0,986 0.967 0.980 0.982 0.966 0.982~" 
10 nM 0.988 — — — 0.999 — 
30 nM 0.988 — — — 0,997 — 
66 nM 0.906 — -— — 0.744 — 
1 j ^ M — — 0.991 0.996 — 一 
5 jiiM … — 0.973 0.930 — 0.976 
10 juM 0.996 — 0.990 0.971 — 0.989 
3 0 _ 0 . 9 9 9 — 0.968 0.984 — 0.953 
5 0 ] L i M — — 0.953 0.998 … 0.914 
66 ^ M 0.997 0.987 — — — — 
0.1 mM 0.994 0.991 0.996 0.928 — — 
0.5 mM 0.992 — — — 一 — 




The Initial Rate of Proton Transport in Chloroplast Thylakoids 
with Different Pesticides 
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30.8 ± 0.6 
27.3 ± 4.9 
35.6 ± 0.0 
42.0 ± 0.3 
45 .1 ± l.3 
49.0 ± 3.7 
42.0 ± 4.2 
43.6 ± 7.3 
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MC EC PVC PC 
31.0± l.2 3l.5 ± 7.5 28.5 ± 5.6 20.7 ± l.1 
30.9 ± 2.6 
25.6 ± 0.6 
26.1±5.3 
30.4 ± 14.1 20.4 ± 2.7 15.5 ±l.5 
24.4 ± 7.0 21.4 ±2.0 14.7 ± 1.4 
35.2 ± 0.4 27.5 ± 10.4 19.4 ± 2.4 14.1±l.7 
28.9 ± 1.0 29.4 ± 13.0 19.6 ± 1.7 13.7 ± 0.8 
29.6 ± 13.8 19.5 ± 1.2 12.1 ± 0.4 
6.3±2.0 




22.0 ± 1.8 
18.1±2.6 
19.5 ± 2.9 
18.7 ± l.7 
17.5 ± 1.8 
15.6 ± 1.2 





The Conversion of Equivalent Protons from pH Changes 
A typical profile of light-induced pH changes in chloroplast thylakoids with 
titration of assay was shown below. The calculation for the conversion of equivalent 
protons from pH changes is shown as follows : 
(1) number of moles of H+ used for titration of assay : 
Concentration of H+ = (number of moles of H+ )/(volume of H+ used) 
10 X 10 -3 = (number ofmoles ofH+)/(20 x 10 ^1000) 
number of moles ofH^= 2 x 10 “ 。 
(2) number ofmoles ofH+ involved in illuminating the chloroplast thylakoids : 
2 X 10 '^ ^ X 10/2 二 1 X 10 '^  moles 
(3) Protons taken up from the medium at steady state (5ss): 
1 nmole/0,6 mg Chl. 二 1.67 nmole H^/mg Chl. 
I OFF 
/ ^ T 
/ \ 10cm 
/ \ , 2 0 n l 
/ V I 10mM 
( ^ HCI T" 
t 




Calculation of Proton Transport (%) 
Protons taken up from the medium at steady state (5ss) at different 
concentrations of pesticide were calculated (Refer to Appendix V I for the calculation of 
5ss). 5ss without the addition of pesticide was the control. The relative change in 
percent of proton transport (%) was calculated with reference to the control. 
For example: 
Let X be the 5ss of30 ^iM pesticide and Y be the 5ss of control. 




Determination of Protein Content in Chloroplast Thylakoids 
A typical standard curve for the Bradford protein assay is shown below. The 
protein concentration in chloroplast thylakoids was 6.1 士 0.5 mg protein per ml 
chloroplast thylakoids extracts. The measurement was repeated three times. The 
protein content in chloroplast thylakoids was used for the preparation of samples for 
Gel Electrophoresis. 
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Calculation of Relative Mobility (Rf) 
Relative Mobility (Rf) was determined by the following equation: 
Rf ； (distance of protein migration)/(distance of tracking dye migration) 
二 a ^ 




Front of Dye 
1 L  
When the Rfvalue ofa l l protein markers were determined, the Rf values were plotted 
against the known molecular weights, Then, the molecular weight of sample bands 
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